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Abstract. 

Purpose: To test whether the intrinsic radiosensitivity of skin 
fibroblasts from breast cancer patients correlates with the degree 
of breast fibrosis after breast conserving therapy. 
Methods: In a systematic study design, 79 patients were selected 
from an earlier study group of 385 patients based on observed 
fibrosis and seven identified clinical risk factors for fibrosis 
development. In vitro radiosensitivity of patients* dermal 
fibroblasts was determined by donogenic assay of early passage 
cultures. Survival was determined after irradiation at 0, 2 and 
4 Gy, given in two fractions of 2 Gy with a 6 h interval. 
Results: There was a significant inter-patient variation for SF2 
values (coefficient of variation =40%). The ratio of SF2 values 
• for fibroblasts from patients with breast fibrosis versus those 
without was 0-80 (95% CI: 0-60-1-07). This was a statistically 
non-significant trend — 0*13). The same ratio for a derived 
value for SF2 ({SF2 + VSF4)/2) was 0-88 (/>= 0-19). 
Conclusions: A significant variation in intrinsic radiosensitivity of 
breast cancer patients' dermal fibroblasts was observed. However, 
the degree of radiosensitivity did not show a significant correla- 
tion with fibrosis development. This indicates that the use of 
fibroblast radiosensitivity will have a limited usefulness for 
predicting fibrosis following breast irradiation. 



1. Introduction 

To be able to improve the therapeutic ratio of 
radiation treatment, it would be desirable to predict 
not only tumour response to radiation (West et al. 
1991, Begg et al. 1992, Hockel et al 1996), but also 
the severity of normal tissue reactions. In particular, 
a more accurate estimate of the risk of developing a 
given level of normal tissue reaction to radiotherapy 
for individual patients would be desirable. Several 
authors have discussed the rationale for such an 
approach (Norman et al 1988, Agren et al 1990, 
West and Hendry 1992, Raaphorst 1993, Burnet et al. 
1996, Peters 1996, Tucker et al 1996, Bentzen 1997). 
For example, for a given treatment regimen a limited 
risk of a severe late reaction developing in the 
population of treated patients is accepted. An accur- 
ate prediction of which patients will form the sub- 
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group that develops these late effects would mean 
that the estimation of the risk for these individuals 
would then be 100%. Such patients could be offered 
an alternative treatment option, e.g. lower dose, 
hyperfractionation, or another therapeutic modality. 
For the remaining patients, the dose could be 
increased to a level that is isoeffective for normal 
tissue complication risk and thus improve the thera- 
peutic ratio for the patient group as a whole. This is 
most important if the tumour control probability is 
relatively low or moderate, i.e. the tumour control 
probability is near the bottom of a sigmoid dose- 
response curve. 

Such considerations encourage the identification 
of sensitive and specific predictive factors for normal 
tissue reactions. Several groups have reported a 
promising association between late radiation reac- 
tions and an in vitro assay for fibroblast radiosensitivity 
(Geara et al 1993, Burnet et al. 1994, Johansen et al. 
1994, 1996, Brock et al 1995). These studies have 
reported on a maximum of 32 patients and only one 
study (Johansen et al 1996) included a correction for 
other factors influencing outcome. In 1994, Borger 
et al. 1994b developed a model to predict fibrosis 
based on clinical and treatment factors. This model 
does not perfecdy predict fibrosis, which suggests 
other factors are also important. One hypothesis is 
that biological parameters such as patients 5 intrinsic 
radiosensitivity determine the radiation reaction of 
normal tissues. The in vitro radiosensitivity was there- 
fore tested of fibroblasts obtained from 79 breast 
cancer patients following breast conserving therapy 
for whom the level of fibrosis had been determined 
together with a quantitative analysis of other identi- 
fied risk factors for fibrosis development. 



2* Patients, materials and methods 

2. 1. Normal tissue end point and patient selection 

Borger et al (1994b) reported on a retrospective 
study of 404 patients in which a semi-quantitative 
assessment was performed of fibrosis developing fol- 
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lowing breast conserving treatment carried out at the 
Netherlands Cancer Institute. Treatment consisted 
of tumour excision, axillary lymph node dissection 
and irradiation to the whole breast followed by a 
boost dose to the area of tumour excision with 
interstitial iridium. The external beam irradiation to 
the whole breast was given in daily fractions of 2 Gy 
to a total dose of 50 Gy with either cobalt-60 y-rays 
or 4 or 8MV X-rays. The boost with an iridium 
implant was given to a dose of 15-25Gy (Borger 
et al 1994a). For each patient the degree of fibrosis 
developing at the iridium boost site was assessed by 
palpation by a panel of four clinical observers, who 
compared the degree of induration in the treated 
breast with the same site on the contralateral 
untreated breast. The degree of fibrosis was assigned 
to one of four relative categories: no fibrosis (no 
difference between the two breasts); and grades 1, 2 
and 3 fibrosis (a small, moderate and large difference, 
respectively). The inter-observer variation did not 
exceed more than one division on the scale. In case 
of inconclusive results, average scores were rounded 
up to the nearest integer. The median follow up of 
the study population at the time of the fibrosis 
assessment was 70 months (range 30-133 months). 

Risk factors for fibrosis were identified using the 
proportional odds model in a polychotomous logistic 
regression. The following variables were included in 
the analysis: treatment period; age; follow-up period; 
fat : gland ratio on the mammogram; mammographic 
tumour size; clinical tumour size; tumour localization; 
specimen volume; breast infection; whole breast 
beam energy; implant dose; implant dose rate; nor- 
malized total dose, NTD 2 (see table 1); implant 
volume 100% (of the reference dose); implant volume 
200%; number of sources; source spacing; and 
chemotherapy (adjuvant CMF). Seven independent 
patient and treatment related factors were identified 
that could be combined to give a predictive score' 
model for fibrosis development (table 1). However, 

Table I. Independent predictive factors for increased fibrosis 
development. 

Older age 

Longer follow-up duration 

Higher normalized total dose (NTD 2 )* 

Larger clinical tumour size 

Larger boost volume (100% reference dose) 

Administration of adjuvant chemotherapy 

Beam quality (Co-60 worse than 4-8 MV) 

a NTD 2 , the total dose given in fractions of 2Gy which is 
biologically equivalent to the actual dose given according to the 
lmear-quadratic model, using an a/p value of 2Gy and 15h 
for the recovery half life of sublethal damage repair. From Bortrer 



the weighted kappa coefficient of agreement 
(Cicchetti and Allison 1971) between the predicted 
score and the observed fibrosis was still only 0-40, 
implying that factors other than those parameters 
studied to date could influence fibrosis. For this study 
of fibroblast radiosensitivity, two groups of 'residuals' 
were selected from the analysis of Borger et al. 
(1994b). The study design is set out in figure 1. 

The first study group comprised those patients 
who had developed a high or moderate level of 
fibrosis (observed categories 3 and 4), despite a 
relatively low 'predictive score 5 (predicted categories 
1 and 2). This group was compared to a control 
group who had the same low predictive score but 
with no fibrosis development (observed category 1), 
as predicted by the model. The second study group 
were patients with a minimal level of fibrosis 
(observed categories 1 and 2), despite a high predict- 
ive score (predicted categories 3 and 4); they were 
compared with a control group with the same high- 
risk factors but the predicted severe level of fibrosis 
(observed categories 3 and 4). 

From a total of 385 patients for whom all risk 
factors were known, 153 were identified as being in 
the study or control groups (figure 1). Thirty-two 
patients had in the intervening period between the 
two studies (5 years) either died, been lost to follow 
up or had become too ill. The remaining 121 patients 
were invited by letter to take part in the study of 
fibroblast radiosensitivity, and 82 agreed to donate a 
skin punch biopsy for fibroblast culture. The patients 
from whom no biopsy was obtained had a similar 
distribution over the study and control groups with 
and without fibrosis as those patients who took part 
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Figure 1. Selection of patient study and control groups from 
the whole patient group observed for the degree of 
fibrosis, based on the predicted level of fibrosis (level of 
risk factors for fibrosis) and the actual level of fibrosis 
observed. 
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in the study. The study protocol had been approved 
by the ethical and scientific committee of the Institute 
and all patients gave their written informed consent 
before the biopsy was taken. 

2.2. Cell culture techniques 

2.2.1. Fibroblast outgrowth. A punch skin biopsy for 
fibroblast culture was taken from the lateral side of 
the upper thigh, i.e. at a distance from the site of 
radiotherapy treatment. The skin was cleaned with 
70% alcohol and the area was numbed with chlore- 
diylene spray. The biopsy was placed in sterile 
phosphate-buffered saline (PBS) containing anti- 
biotics for transfer to the laboratory. For culture, 
each skin biopsy was first treated for 20 s with 70% 
alcohol and washed in PBS, then cut into about six 
pieces and divided between two 5 cm Petri dishes. 
Carefully added to this, so that the pieces remained 
attached to the bottom, was 1-5 ml of medium con- 
taining serum. The dishes were then incubated at 
37°C with 5% C0 2 . The medium was replaced once 
a week, increasing the volume to 2 ml when out- 
growth was evident after 1-2 weeks. Once extensive 
fibroblast outgrowth had been obtained after 2-3 
weeks (passage 0), the skin pieces were removed and 
the cells trypsinized (0'05% trypsin) and passaged 
into a 25 cm 2 culture flask (Falcon) with 5 ml medium 
(passage 1). A second expansion passage in two 
75 cm 2 flasks provided sufficient numbers of cells 
(about 5 x 10 6 ) for freezing in liquid nitrogen for 
later assays. 

2.2.2. Medium specifications. For fibroblast outgrowth 
and the clonogenic assays Dulbecco's modified 
Eagle's medium (DMEM) was supplemented with 
10% human serum, 100/xg/ml penicillin and 
100/ig/ml streptomycin, as described previously 
(Begg et al. 1993). 

2.3. Radiation specifications and dosimetry 

Cells were irradiated as confluent monolayers in 
the culture flasks at room temperature using y-rays 
from two opposing !37 Cs sources at a dose-rate of 
0-85-0-80 Gy/min. Routine quality control of the 
dosimetry performed near the end of the study gave 
lower values for the dose rate than had been assumed 
based on earlier measurements and source decay 
calculations. Corrections were therefore applied 
based on the most recent measurements. In addition, 
corrections were applied for source decay over the 
2-5 year period of these experiments. SF2 and SF4 
values (surviving fractions at 2 and 4Gy) were cor- 
rected by applying the linear-quadratic model of cell 



survival to convert dose difference to survival differ- 
ence. An a/0 value of 17Gy was assumed, based on 
the median value from an earlier series of single 
dose survival curves (Begg et al. 1993). Within the 
irradiation chamber there was a maximum dose 
inhomogeneity of ± 10%. 

2.4. Clonogenic survival 

This assay was performed using a feeder layer 
protocol as previously described (Russell et al. 1995). 
Human fibroblast feeder cells from the same 
fibroblast strain as that being tested were irradiated 
to a dose of 32 Gy, trypsinized, diluted to a concentra- 
tion of 6 x lOVml and 1 ml added to a 9mm Petri 
dish containing 8 ml of medium. Because of the large 
number of assays to be performed, a three-point 
survival curve was chosen for determination, with 
dose points at 0, 2 and 4Gy. On day 2, control cells 
were mock irradiated (OGy). Cells for the 2 Gy dose 
point were irradiated as a confluent monolayer in a 
25 cm 2 flask and immediately washed, trypsinized 
and resuspended in medium at four different cell 
concentrations and plated by adding 1 ml of the 
relevant cell concentration to the respective culture 
dish. For the 4Gy dose point, cells were irradiated 
with two fractions of 2Gy with an inter-fraction 
interval of 6 h and then plated out at three different 
cell concentrations. The assay was carried out in 
quadruplicate for the 0 Gy and in duplicate for the 
2 and 4Gy dose levels. All cultures were incubated 
for 14 days without a medium change and the 
resulting colonies were fixed and stained with crystal 
violet. The number of colonies consisting of more 
than 50 cells were counted and the surviving fraction 
calculated as the ratio of plating efficiencies for 
irradiated and unirradiated cells. The clonogenic 
survival was determined at least twice, and in some 
cases four times for each cell strain, using cells from 
consecutive or parallel passages. 

2.5. Statistical methods 

Surviving fraction data were log transformed 
before analysis (see below). A mixed effect analysis 
of variance (ANOVA) was performed to separate 
mter-assay and inter-patient variation, also taking 
possible systematic differences between passages into 
account. Passage number and fibrotic risk score was 
used as a fixed effect but patient identity as a random 
effect within the fibrotic risk score. As repeat assays 
were performed at the same passage level in some 
cases, the inter-assay variation could be decomposed 
into within-passage variation and between-passage 
variation. This was accomplished by introducing the 
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interaction between patient identity (within the fib- 
rotic risk score) and passage number as a random 
effect into the model. Variance components were 
estimated by the method of moments, based on the 
(expected) mean square errors. To analyse the asso- 
ciation between fibrosis and adjuvant hormonal 
treatment with tamoxifen, a proportional odds poly- 
chotomous logistic regression was used with the 
original predictive score function as described in 
Borger et al (1994b) as an interval variable and 
tamoxifen treatment as a factor. The relationship 
between SF2 and the derived value for SF2 (see §3.4) 
and fibrosis development was determined by the 
statistical technique of analysis of variance using log 
transformed SF2 and derived SF2 data. Proc GLM 
and proc logistic of SAS 6.12 for Windows 95 were 
used for the calculations. 



3. Results 

3. 1 . Cell cultures 

From a total of 82 biopsies primary outgrowth was 
obtained in 76, and after repeat biopsies in a further 
three. For three patients no or insufficient outgrowth 
was obtained, even with a second biopsy. Cell survival 
data were therefore obtained for a total of 79 patients' 
strains. Using the feeder cell layer technique and 
10% human serum for colony outgrowth, an average 
plating efficiency of 8% with a range from 016% to 
30-5% was obtained. 



3.2. Cell survival determinations 

A summary of all the survival curves obtained is 
given in figure 2. For each cell strain the average 
curve from replicate assays is shown. For clarity, the 
survival curves are divided between two panels, the 
top panel shows the results from the strains from 
patients in the study and control group 1 (low 
predictive score), and the bottom panel shows the 
survival curves from fibroblasts obtained from 
patients in the study and control group 2 (high 
predictive score). This summary of the survival data 
demonstrates the spread of results between patients 
and the variation in the shape of the survival 'curves'. 
The surviving fraction values at 2Gy (SF2) varied 
from 0-723 to 0-031 with a mean value of 0-248. 
The surviving fraction at 4Gy (SF4) varied from 
0-135 to 0-009 (mean 0-047). For further analyses the 
SF2 values were log transformed. The choice of 
transformation was based on residual analyses. Apart 
from two apparent outliers (one case and one control 
from study group 1), residuals from the most extens- 
ive model were reasonably normally distributed and 
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Figure 2. Summary of fibroblast cell survival curves, averaged 
per patient. Top panel: study and control patients from 
group 1 (low level of risk factors predictive for fibrosis). 
Bottom panel; patients from study and control group 2 
(high level of risk factors for fibrosis). 

the variances appeared to be stabilized after the 
transformation. Derived SF2 values, calculated from 
both crude SF2 and SF4 data, were also normally 
distributed after log transformation, and the log 
transformed values were used in the further analyses. 

3.3. Variation in radiosensitivify between and within 
patients' fibroblast strains 

Glonogenic survival was determined in two separ- 
ate experiments for 61 cell strains, in three separate 
experiments for 14 cell strains, and four times for 
four strains. An example of repeated assays for an 
individual patient's strain is given in figure 3. The 
total coefficient of variation (CoV) for crude SF2 
values, including inter-assay and inter-patient vari- 
ation, was 52%. Strong evidence was found (/>= 
0-0001) that the observed variation between patients 
could not be attributed solely to the inter-assay 
variation (within patients). The estimated CoV for 
inter-assay variation was 39%, while the estimated 
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Figure 3. Example of three repeated cell survival determina- 
tions for a single fibroblast strain illustrating inter-assay 
variability. 

net CoV for between-patient variation was 40% (i.e. 
after taking the inter-assay variation into account). 
The CoV for between-patient variation within a 
fibrotic score group was 34%. This analysis was based 
on 180 SF2 values for the inter-assay variation, 79 
(averaged) values for the between-patient variation. 
There was no evidence for a systematic difference 
between passages (jfr = 0'2O). 

For SF4 values, however, no evidence 'was found 
(/> = 0-39) that the observed variation between strains 
was mainly due to a true between-patient variation. 
The estimated CoV for inter-assay variation was 
76%, while the estimated CoV for between-patient 
variation was 46% after correction for inter-assay 
variation, and 13% within a fibrotic score group. 
Again, no evidence was found for a systematic effect 
between passages, i.e. the variations were random 
and not systematic. 

For the derived value of SF2 (SF2 + y/SF4)/2 (see 
below), a between-patient variation of 30% was 
calculated, after taking an inter-assay variation of 
39% into account. For this parameter there was also 
evidence that the observed variation could not be 
attributed solely to the inter-assay variation (p = 
0-0015), i.e. there was a significant inter-patient 
variation for the derived value of SF2. 

3.4. Relationship between SF2 and SF4 estimations 

The dose of 4 Gy was given as two fractions of 
2Gy to confluent cell cultures. Assuming complete 
repair of sublethal damage in the 6 h inter-fraction 
interval and equal factors determining plating effi- 
ciency despite differences in cell density (Pomp et al 
1996), and no intra-assay variability, it would be 
expected that SF2 = N /SF4. The SF2 and SF2 + 2 
give the first two points on a fractionated dose- 
survival curve. By combining both data points a 
figure is derived from what is in fact 3 x 2 Gy 
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Figure 4. Mean cell survival at 2 and 4Gy for assays on all 
strains, from both study and control patients. The mean 
for the whole patient group was derived from the mean 
values per patient. Error bars represent standard devi- 
ations; n=178 for the 2Gy dose point and h-175 for 
the 4 Gy dose point. . 

fractions, which it was thought would improve the 
accuracy of the estimated mean value of the survival 
at 2 Gy. An averaged (derived) value for SF2 could 
then be calculated as (SF2 + % /SF4)/2. As can be 
deduced from inspection of the graphs in figure 2, 
the relationship between SF2 and SF4 varied between 
patients' strains; on the basis of the assumptions 
noted above a straight line would be expected for 
the survival 'curve 9 . The relationship between the 
survival at the two dose points is summed for 178 
experiments in figure 4. This illustrates that the curve 
is approximately linear for the patient group as a 
whole, consistent with the hypothesis of nearly equal 
effects per fraction and complete repair. This is 
supported by the average ratio of SF2 : >/SF4 of 0 93 
(CoV: 35%; a =175), on the basis of the log trans- 
formed values. The fact that the ratio is less than 
unity could be explained by the fact that the cells 
were trypsinized and immediately plated after the 
single 2Gy dose and the second of the 2 + 2 Gy 
doses, but not after the first 2 Gy fraction. After the 
first 2 Gy fraction the cells were held in confluence 
for 6 h, giving them time for potentially lethal damage 
repair (PLDR), and thus a survival advantage over 
cells which were immediately trypsinized. 

3.5. Relationship between fibroblast radiosensitivity and 
fibrosis 

3.5.1. Inclusion of tamoxifen use as a factor in the 
analysis. There have been reports that tamoxifen 
treatment was associated with radiotherapy-induced 
lung and, possibly, subcutaneous fibrosis (Bentzen 
et al 1996). Before analysing the relationship between 
fibrosis level and SF2, adjuvant hormonal 
treatment was therefore first included with tamoxifen 
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in the analysis of possible factors which could affect 
fibrosis development. No clear relationship between 
tamoxifen use and fibrosis was found (log odds ratio: 
1-03; SE: 0-68; /> = 0-14). In view of the small number 
of patients with adjuvant hormonal treatment (11 
patients) the power of this test was low. However, 
because of the relatively large observed odds ratio, 
subsequent analyses were adjusted for tamoxifen use. 

3.5.2. SF2 versus fibrosis. The mean SF2 values for 
each study and control group are summarized in 
table 2 and the data for individual patients are given 
graphically in figure 5, which shows the mean SF2 
values per patient. The upper panels in figure 5 show 
the cumulative frequency for SF2 values split between 
study and control groups for group 1 (low predictive 
score) and the lower panels for group 2 (high predict- 
ive score). This illustrates, in particular, the trend for 
patients with a low predictive score and greater than 
expected fibrosis to have low fibroblast SF2 values. 
Before analysing this apparent difference for statist- 
ical significance, it was first determined whether the 
relationship between SF2 and fibrosis depended on 
the predictive score (e.g. a low SF2 might predict for 
fibrosis only when the predictive score is low, or only 
when it is high; i.e. a predictive score — fibrosis 
interaction). From a model with the main factors 
being: (1) predictive score (lst-2nd quartile, low 
score, versus 3rcMth quartile, high score); (2) fibrosis 
(no or small difference with untreated breast versus 
moderate to large difference); (3) tamoxifen treatment 
(yes or no); and (4) interaction between the predictive 
score and fibrosis, no evidence was found for the 
interaction (/> = 0'37). In other words, if there is a 
relation between SF2 and fibrosis, this does not seem 
to vary between the two categories of the predictive 
score. This meant that data from both study and 
control groups could be used together in the same 
analysis. 

Considering all the data and eliminating the inter- 
Table 2. Mean values for surviving fraction at 2 Gy (SF2) for 
each study and control group. The numbers in brackets 
refer to the number of patients in the group. 



Predictive score quartiles. 



Observed fibrosis 


I and 2 (low risk) 


3 and 


4 (high risk) 


No/ minimal 


mean: 0-228 


mean: 


0-297 




range: 0-035-0*408 


range: 


0-199-0-423 




Control group I 


Study 


group 2 




(17) 


(3) 




Moderate/large 


mean: 0-174 


mean: 


0-295 




range: 0-031-0-300 


range: 


0-107-0-723 




Study group 1 


Control group 2 




(21) 


(38) 
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action from the model, only a statistically non- 
significant trend was found for a relationship between 
SF2 and fibrosis (/> = 0-13, adjusted for predictive 
score and hormonal treatment). The estimated ratio 
of SF2 in the fibrotic group to that of the non-fibrotic 
group, averaged over the two score categories, was 
0-80 (95% CI: 0-60-1-07). This indicates that, on 
average, fibroblasts from patients showing more than 
expected fibrosis showed a trend to being more 
radiosensitive. However, SF2 values were lower in 
the first two quartiles of the predictive score {p — 
0*0001, adjusted for fibrosis and adjuvant tamoxifen). 
Further analysis showed that this relationship was 
mainly (but not completely) due to a low SF2 in 
patients given lower doses (NTD 2 <70Gy, one of 
the main factors contributing to the low predictive 
score; /> = 0-0017, adjusted for observed fibrosis and 
hormonal treatment). After further adjustment for 
NTD 2 , the relationship between a low SF2 and the 
predictive score was less statistically significant, p — 
0-027. No evidence of a relationship between SF2 
and adjuvant tamoxifen was found. 

3.5.3. Derived SF2 values versus fibrosis. A similar ana- 
lysis was performed on the log transformed values 
for derived SF2, (SF2 + VSF4)/2. Again, no evidence, 
was found for an interaction for derived SF2 values 
between predictive score and fibrosis. Considering 
all the data and eliminating the interaction from the 
model, no evidence was found for a relationship 
between derived SF2 and fibrosis (/=*019, adjusted 
for predictive score and hormonal treatment). The 
estimated ratio of derived SF2 in the fibrotic group 
versus the non-fibrotic group was 0 88 (95% CI: 
0*72-l'O7). This shows the same statistically insigni- 
ficant trend as for the crude SF2 values, although 
the Rvalue is greater. As with the crude SF2 values, 
the derived SF2 was lower in the first two quartiles 
of the predictive score {p< 0-0001,. adjusted for fib- 
rosis and tamoxifen use). This was due mainly to 
patients who had been treated to an NTD 2 of less 
than 70 Gy (^ = 0-0002, after adjustment for observed 
fibrosis and hormonal treatment). No evidence of a 
relationship was found between derived SF2 and 
tamoxifen in any of the analyses. The discrimination 
between clinically radiosensitive and radioresistent 
patients is therefore poorer with the derived SF2 
data than with the crude SF2 data, and this is 
illustrated in figure 5, bottom panels, which shows 
very little difference between the cumulative 
frequency curves for the study and control groups. 

A separate analysis was not conducted of the 
relationship between the SF4 values and fibrosis in 
order to avoid multiple statistical tests which could 
increase the possibility of deriving a statistically signi- 
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Figure 5 Cumulative frequency of crude SF2 values (left-hand panels) and derived SF2 values (right-hand panels), for study and 
control patients respectively Top panels: patients from group I (low risk). Bottom panels: patients from group 2 (ZhZ) 
This illustrates the trend to lower SF2 values in patients with breast fibrosis for group 1 in particular ? 



ficant result 'by chance'. However, as the 'derived 5 
value for SF2 shows an even poorer correlation with 
fibrosis than the 'crude' values, it seems unlikely that 
an analysis of SF4 values versus fibrosis would change 
the conclusions of the study. 

4. Discussion 

4. 1. Fibroblast radiosensitivity versus late normal tissue 
damage 

The findings of the present study, which reveal a 
non-significant trend for a low SF2 for fibroblasts 
from patients with greater than expected fibrosis, are 
compatible with the hypothesis that fibroblast SF2 
correlates with observed breast fibrosis, because of 
the observed confidence interval. The authors' data 
are therefore also consistent with the data from 
earlier studies reported by Burnet et al (1992, 1994) 
Brock et al (1995), Geara et al (1993) and Johansen 
etaL (1994, 1996), who reported associations between 
a low value for an in vitro survival parameter and the 
severity of a late normal tissue reaction (in most cases 
telangiectasia or fibrosis). 



Patient and treatment related factors such as age,, 
follow-up duration and dose intensity are now well 
documented as factors which influence radiation- 
induced normal tissue reactions, particularly skin 
reactions and fibrosis (Bentzen et al. 1990, Turesson 
1990, Turesson et al 1996). Any independent influ- 
ence of intrinsic fibroblast radiosensitivity can only 
be adequately assessed after correction of the clinical 
parameter, in this case fibrosis, for known con- 
founding factors. The present study investigates a 
patient population that had been extensively analysed 
to identify clinical factors influencing fibrosis develop- 
ment and selected two groups of patients that were 
identified as 'residuals' from the analysis, i.e. those 
patients who developed a greater or lesser degree of 
fibrosis than expected from the model. The fibroblast 
radiosensitivity was then compared to that of control 
groups who had the same level of risk factors for 
fibrosis development but an observed level of fibrosis 
that conformed with the predictive score. The rela- 
tively large number of patients included in this study, 
and the fact that seven other risk factors for fibrosis 
were taken into account in the study design, makes 
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the conclusions more applicable to a general radio- 
therapy patient population (in this case breast cancer 
patients), than studies based on ranking statistics. At 
the Institute of Cancer Research, Sutton, UK, a 
broadly similar study of fibroblast radiosensitivity 
from a case-control study of patients who have 
undergone breast conserving therapy is being carried 
out. A combined analysis of the two studies would 
have a greater statistical power. However/at the time 
of writing the results from the UK study are not yet 
known (J. Peacock, personal communication). 

A direct comparison of the present study with the 
other reports mentioned above is made somewhat 
difficult since this study used the clinical endpoint of 
breast fibrosis as determined by palpation rather than 
endpoints such as telangiectasia (Burnet et al. 1994 3 
Brock et al 1995), subcutaneous fibrosis after mastec- 
tomy (Johansen et al. 1996) or a mixture of various 
epithelial and mesenchymal tissues (Geara et al. 1993), 
Bentzen et ai (1993) have addressed the lack of 
correlation between two late end points (fibrosis and 
telangiectasia) in the same patient, so possibly an in 
vitro parameter should not be expected to correlate 
with both clinical end points. It is possible that 
clinically observed fibrosis in breast tissue has different 
factors influencing its pathogenesis than in the skin. 

Because of the large confidence interval for the 
ratio of SF2 values for patients with or without 
fibrosis development, the data are also compatible 
with the null hypothesis that there is no real statistical 
difference in fibroblast SF2 values between patients 
who do or do not develop radiation-induced breast 
fibrosis. Brock et al. (1995) also concluded from their 
comparison of fibroblast SF2 and acute and late skin 
reactions (telangiectasia) that there was 'no unam- 
biguous evidence' for a correlation between the two 
parameters. There was a trend for an inverse 
SF2-telangiectasia correlation, but this was based on 
very small patient numbers. 

In summary, the findings of the present study do 
not yet support the use of fibroblast radiosensitivity 
testing for predicting breast fibrosis in clinical prac- 
tice. Reports that have attempted to quantify the 
benefits that could be obtained in terms of dose 
modification to improve the therapeutic ratio of 
radiation treatment (Tucker et al. 1996, Bentzen 
1997) have assumed an assay accuracy and discrimin- 
atory power for SF2 (or other in vitro parameter) 
which is far greater than is possible in practice. It 
remains unclear whether stratifying patients further 
for other possible risk factors, i.e. reducing the 'noise' 
in the clinical data, or increasing the in vitro assay 
accuracy would increase its predictive power, 
or whether factors other than intrinsic fibroblast 
sensitivity would still dominate the response. 



4.2. Choice of normal tissue end point 

The endpoint of fibrosis at the site of the interstitial 
boost dose with iridium was a choice based on a 
number of considerations. First, since the in vitrc 
radiation sensitivity of patients' fibroblasts was being 
tested, it was appropriate to use a tissue response 
that is probably related to fibroblast function. Other 
end points used in assessing the normal tissue (cos- 
metic) results of breast conserving therapy, such as 
measurements of nipple retraction, include a com- 
ponent of fibrosis, but also factors such as the site 
and orientation of the surgical scar. A second consid- 
eration was that detailed knowledge of the dose 
received by the breast tissue at the implant site was 
available. As the dose-response relationship foi 
normal tissue effects in individuals is quite steep 
(Turesson 1990), and as the dose received is the most 
important determinant of fibrosis development 
(Borger et al 1994b), it was relevant to assess the end 
point at the site where the dose was accurately 
known. Thirdly, the dose-response relationship for 
fibrosis for the patient population studied is shallow 
at 50 Gy and becomes steeper at dose levels of around 
65-75 Gy, so there was a better distribution of the 
end point of fibrosis which could be observed. 



4.3. Comparison of\u vitro data 

For the in vitro radiation survival curves three dose 
points of 0, 2 and 4Gy were used. To obtain a better 
range of results for use in the analysis with the 
clinical data the 4Gy dose was fractionated into two 
fractions of 2 Gy. A fractionated 4 Gy dose point was 
used as an alternative to a low-dose radiation, which 
has been reported by some groups to increase the 
spread of fibroblast radiosensitivity between cell 
strains, presumably by exploiting differences in repair 
capability, when compared to a high-dose rate 
(Nagasawa et al. 1992, Burnet et ai 1994, 1996). This 
finding is not universal however, since other reports 
have not confirmed that the use of a low-dose rate 
helped to provide a better distinction between cell 
strains of differing radiosensitivities (Little and Nove 
1990, Geara et al. 1992, Brock et al. 1995). In the 
present study a greater survival was observed, on 
average, per 2 Gy at the fractionated 4 Gy dose point 
compared with the single 2 Gy dose, suggesting the 
effect of a repair phenomenon (PLDR), and also an 
increase in the range of results, reflected in the 
greater coefficient of variation (CoV) for the 4 Gy 
data (46%) compared with the 2 Gy dose point (40%). 
The greater CoV at 4Gy could also be due to the 
total dose since the figures from this study compare 
with those obtained by Johansen et al (1996) who 
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established survival curves with graded single doses 
and found a CoV for 2 Gy of 3 1 % and for 3.5 Gy of 
57%, although the exact figures cannot be directly 
compared because in this study 4Gy was not given 
as a single dose and also due to differences in 
calculation techniques. Because the daily fraction 
dose for the external beam treatment had been 2 Gy, 
an average value was derived for the survival at 2 Gy 
from (SF2 + 7SF4)/2. The relationship between SF2 
and SF4 which was not always consistent between 
patient strains could be due to variation in repair 
capacity, plating efficiency effects at different cell 
concentrations and assay variability. This change in 
the rank order between different patients at two dose 
levels was also noted by Johansen et al. (1994), and 
may partly explain why the derived value of SF2 had 
a lower CoV (30%) and did not show a better 
correlation with patients' fibrosis development than 
the crude SF2 values. 

A significant inter-patient variation in SF2 and 
derived SF2 was observed, after inter-assay variation 
was taken into account This supports the findings of 
other authors (Geara et al 1992 Johansen et al. 1996), 
who calculated lower absolute values for inter-assay 
variation than was found in the present study; this 
can be attributed partly to the use of the crude 
survival data points from individual assays in this 
study's analyses, instead of SF2 values calculated 
from curve fits. The observation that the fibroblast 
strains with a low predictive score tended to have 
the lowest SF2 and SF4 values is not fully explained. 
A batch effect could be part of the explanation; the 
fibroblasts from patients in group 1 (low predictive 
score) were assayed first, followed by the fibroblasts 
from patients in group 2. Factors such as variations 
in serum or medium quality could play a role. It is 
not due to patients being given a lower dose if they 
developed a. severe acute reaction; the difference in 
total dose between patients was almost entirely due 
to the dose of the boost given with an iridium implant 
about 3 weeks after the end of the external beam 
treatment to the whole breast. The dose given by the 
implant was determined before the start of radio- 
therapy. Neither was it related to other patient 
related factors that determined the predictive score, 
such as patient age. The observation of lower SF2 
values for group 1 as a whole does not alter the 
conclusions that can be drawn from the study because 
of the way in which the study was designed and 
analysed. 

4. Conclusion 

Patients' intrinsic radiosensitivity, as determined 
by colony forming assays of dermal fibroblasts, did 



not show a significant correlation with the observed 
level of fibrosis development in the breast. Other 
patient and treatment related factors have greater 
predictive power. Possibly other in vitro tests could 
provide better discrimination between patients who 
develop greater or lesser degrees of fibrosis. Certainly 
(radio)biological factors other than pure radiosensitiv- 
ity of fibroblasts need to be considered. The discrep- 
ancy between the a//? value for clinically observed 
fibrosis (low) and the average a/j8 value for fibroblasts 
derived from in vitro cell survival curves (high) implies 
that biological mechanisms other than fibroblast cell 
kill alone modify the radiation response seen in vivo. 
Currently the authors are testing whether an assay 
of fibroblast differentiation induction following irra- 
diation correlates better with in vivo fibrosis 
development. 
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